ABSTRACT: NVA237 (glycopyrronium bromide) is a once-daily long-acting muscarinic antagonist (LAMA) in development for chronic obstructive pulmonary disease (COPD). The GLycopyrronium bromide in COPD airWays clinical Study 2 (GLOW2) evaluated the efficacy and safety of NVA237 in moderate-to-severe COPD over 52 weeks.
C hronic obstructive pulmonary disease (COPD) is a preventable and treatable chronic disease, but is frequently underdiagnosed and under-treated in clinical practice [1, 2] . Inhaled bronchodilators, including longacting muscarinic antagonists (LAMAs), are the mainstay of the current management guidelines for COPD and are recognised to improve symptoms and health status [2] .
NVA237 is a once-daily (q.d.) dry-powder formulation of the LAMA glycopyrronium bromide, in development for the treatment of COPD. Results from preclinical and phase II studies have demonstrated the safety and efficacy of NVA237 [3] [4] [5] [6] [7] . In a phase II study comparing the efficacy of multiple doses of NVA237 with placebo and tiotropium 18 mg q.d. [6] , NVA237 50 mg q.d. and tiotropium showed comparable and statistically significant improvements in mean trough forced expiratory volume in 1 s (FEV1) versus placebo on days 1 and 7 (all p,0.0001). Additionally, FEV1 on day 1 was significantly higher (p,0.05) with NVA237 50 mg versus tiotropium from 5 min up to 2 and 4 h post-dose.
In the phase III GLycopyrronium bromide in COPD airWays clinical study 1 (GLOW1) in patients with moderate-to-severe COPD, NVA237 50 mg q.d. produced rapid and significant improvements in trough FEV1, compared with placebo, which were apparent on day 1 and sustained through week 26 [8] . Significant improvements were also observed over 26 weeks in dyspnoea measured by Transition Dyspnoea Index (TDI), health status measured by St George's Respiratory Questionnaire (SGRQ), risk of moderate-to-severe COPD exacerbations, and rescue medication use, versus placebo. NVA237 was well tolerated and had an acceptable safety profile, with a low incidence of typical anticholinergic adverse effects [8] .
Tiotropium, established as a safe and effective bronchodilator, is the only licensed LAMA available currently for COPD patients and is widely used worldwide. The objective of the phase III GLOW2 study was to evaluate the efficacy and safety of NVA237 50 mg q.d. in patients with moderate-to-severe COPD compared with placebo and with tiotropium (as a reference comparator) over a longer treatment period of 52 weeks.
METHODS
More details are provided in the online supplement.
Patients
Males and females o40 yrs of age, with a smoking history of o10 pack-yrs, a diagnosis of moderate-to-severe stable COPD (as defined in the 2008 Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines) [9] , post-bronchodilator FEV1 o30% and ,80% of the predicted normal, and post-bronchodilator FEV1/forced vital capacity (FVC) ,0.70 were enrolled.
Exclusion criteria included lower respiratory tract infection in the 6 weeks prior to screening; concomitant pulmonary disease (such as pulmonary tuberculosis or clinically significant bronchiectasis); history of asthma, malignancy of any organ system/ long QT syndrome or QTc .450 ms (males) or .470 (females) at screening, symptomatic prostatic hyperplasia, bladder-neck obstruction, moderate/severe renal impairment, urinary retention, narrow-angle glaucoma, a known history of a 1 -antitrypsin deficiency; participation in the active phase of a supervised pulmonary rehabilitation programme; and contraindications for tiotropium or ipratropium or history of adverse reactions to inhaled anticholinergics.
Study design and treatment
This was a multicentre, double-blind, placebo-controlled with open-label tiotropium arm, parallel group study. Patients were randomised to receive NVA237 50 mg q.d. or placebo (both delivered via a low-resistance single-dose dry-powder inhaler (the Breezhaler1 device; Novartis, Basel, Switzerland); 50 mg refers to the quantity of the glycopyrronium moiety present in the capsule, which corresponds to a delivered dose of 44 mg), or open-label tiotropium 18 mg (delivered via the HandiHaler1 device; Boehringer Ingelheim, Ingelheim, Germany) in the morning between 08:00 and 11:00 h, in a ratio of 2:1:1 for a period of 52 weeks, following a washout period (of up to 7 days) and a 14-day run-in period ( fig. 1 ).
Patients were to discontinue taking long-acting bronchodilator therapy before starting the run-in period (for at least 7 days for LAMAs or 48 h for long-acting b 2 -agonists (LABAs) or LABA/ inhaled corticosteroid (ICS) combinations). Patients using LABA/ICS combinations were switched to an equivalent dose of ICS as monotherapy plus salbutamol/albuterol as rescue medication for at least 48 h prior to screening. The ICS doses had to remain stable during the screening period; patients who failed screening for this reason could be re-screened if the ICS dose had been stable for 1 month. Patients were expected to remain on the same dose of ICS throughout the study.
In addition to the study treatment, concomitant medications (inhaled or intranasal corticosteroids and H1 antagonists) were permitted in patients who had been stabilised on a recommended and constant dose prior to study entry. Patients were provided with a salbutamol/albuterol inhaler to be used as rescue medication during the study.
Efficacy assessments
Efficacy was assessed in the full analysis set (FAS) which included all randomised patients who received at least one dose of the study drug; patients in the FAS were analysed according to the treatment to which they were randomised.
The primary efficacy variable was trough FEV1 (defined as the mean of the 23 h 15 min and the 23 h 45 min post-dose values) following 12 weeks of treatment. Key secondary variables were dyspnoea measured using the TDI at week 26 and health status according to the total score on SGRQ at week 52. Important secondary variables were time to first moderate or severe COPD exacerbation and mean daily rescue medication use over 52 weeks. Additional secondary variables included trough FEV1, trough FVC and inspiratory capacity at the end of day 1 and at weeks 26 and 52, serial spirometry in a subset of patients (in study sites which had the facilities and personnel for making these measurements) on day 1 and weeks 12 and 52, and the rate of COPD exacerbations in the 52-week treatment period.
Comparison of open-label tiotropium 18 mg to placebo and NVA237 in terms of all the end-points was also an additional variable; the study was not powered to show statistical superiority of NVA237 versus tiotropium.
Safety assessments
The safety population included all patients who received at least one dose of the study treatment; patients were analysed according to the treatment they received. Safety was assessed by recording treatment-emergent adverse events and monitoring vital signs (pulse rate and systolic and diastolic blood pressure), and laboratory analyses (haematology, clinical chemistry and urinalysis).
Statistics
The primary efficacy variable (trough FEV1 at week 12) was analysed using a mixed model, with treatment as a fixed effect and baseline FEV1 and FEV1 reversibility (in response to 80 mg ipratopium bromide), and baseline ICS use (yes/no) acting as The time to first exacerbation was displayed for each treatment group with a Kaplan-Meier curve, and analysed using a Cox regression model, which included terms for treatment, baseline inhaled corticosteroid use (yes/no), daily total symptom score, COPD exacerbation history, FEV1 reversibility, smoking history and region. At the other time points, the improvement in trough FEV1 provided by NVA237 was comparable to the improvement provided by tiotropium, but the difference was not statistically significant.
RESULTS

Patient disposition and baseline characteristics
NVA237 provided rapid bronchodilation following the first dose on day 1, with significantly higher FEV1 at all time points from 5 min to 4 h post-dose, compared with placebo (p,0.001) and with tiotropium (p,0.01; online supplement fig. S1 ). On day 1, the FEV1 LSM treatment difference for NVA237-placebo and tiotropium-placebo was 87 and 45 mL at 5 min, respectively, and 143 and 78 mL at 15 min, respectively (all p,0.001; table 2). Peak FEV1 and FEV1 area under the curve (AUC) from 0 to 4 h (AUC 0-4 h ) post-dose in the NVA237 group was significantly superior to placebo and tiotropium (all p,0.001) at day 1, was significantly superior to placebo (p,0.001) and tiotropium (p,0.01) at week 26, and was comparable to tiotropium at weeks 12 and 52 (table 2) .
The bronchodilation produced by NVA237 was sustained over the 24-h period on day 1 and weeks 12 and 52, as seen in a subpopulation of patients (the serial spirometry group; n5299). FEV1 AUC 0-12 h with NVA237 was significantly (p,0.001) greater than placebo at day 1 and weeks 12 and 52, significantly greater than tiotropium (p,0.05) at week 52 and comparable to tiotropium at day 1 and week 12 ( The use of rescue medication was significantly lower in patients receiving NVA237 and tiotropium versus those receiving placebo, with a between group treatment difference of 0.37 puffs per day (p50.039) and 0.63 puffs per day (p50.003), respectively (table 2) .
Safety
The overall incidence of adverse events was similar across the three treatment groups (NVA237 76.6%, placebo 76.5%, tiotropium 74.2%; table 3). The most frequently reported adverse event was COPD worsening, seen with a higher frequency in the placebo group (43.3%) compared to the NVA237 and tiotropium groups (36.4 and 33.7%, respectively). Anti-muscarinic sideeffects, such as dry mouth, constipation, urinary retention and urinary tract infections, occurred with a low frequency in the NVA237, placebo and tiotropium treatment groups.
Serious adverse events occurred with a lower frequency in the NVA237 group, compared with the tiotropium and placebo groups (table 3) . COPD exacerbation was the most common serious adverse event, occurring in 6% of placebo patients, compared to 4.9% of tiotropium and 3.6% of NVA237 patients. Atrial fibrillation (AF) occurred more frequently in the NVA237 group compared to placebo (four patients (0.8%) versus 0, respectively); two of the four patients had a co-existing history of AF and a third patient had a history of cardiac morbidity; none of the AF events were suspected to be related to the study medication. The percentage of patients with newly occurring or worsening clinically notable QTcF values (QT interval with Fridericia's correction) was low across treatment groups (NVA237 4.4%, tiotropium 5.3% and placebo 6%).
Seven deaths were reported during the treatment and the 30-day follow-up period; three in the NVA237 group (0.6%) and two each in the placebo (0.7%) and tiotropium groups (0.7%). None of the deaths was suspected to be related to the study medication.
DISCUSSION
Results from the GLOW2 study demonstrated that once-daily NVA237 50 mg is an efficacious and safe LAMA in patients with COPD over 52 weeks of treatment, and is comparable to tiotropium, the current gold standard for the treatment of COPD. Trough FEV1 at day 1 and at weeks 12 (primary endpoint), 26 and 52 with NVA237 was significantly superior versus placebo. NVA237 also significantly improved dyspnoea at week 26 (mean treatment difference in TDI focal score: 0.81; p50.002), health status at week 52 (mean treatment difference in SGRQ total score: -3.32; p,0.001), and reduced the risk of moderate-to-severe COPD exacerbations (p50.001) and the use of rescue medication (p50.039), versus placebo. NVA237 was well tolerated, and displayed a safety profile comparable to placebo and tiotropium.
There is evidence to suggest that patients with COPD struggle to undertake morning activities; symptoms, particularly dyspnoea and activity limitation, are most challenging in the mornings [12] . In the GLOW2 study, NVA237 provided rapid bronchodilation following the first dose on day 1; FEV1 from 5 min to 4 h post-dose was significantly higher versus placebo at day 1 and also at weeks 12, 26 and 52 (p,0.001), and versus tiotropium at day 1 and week 26 (p,0.05). Further, the rapid bronchodilation produced by NVA237 was sustained over the 24-h period on day 1 and weeks 12, 26 and 52. A rapid onset of effect and sustained 24-h bronchodilation are important features which may have a significant positive impact on the morning routines and daily life of patients with COPD, and could potentially contribute to improving adherence to therapy.
The GOLD guidelines recognise the importance of symptom reduction in the management of COPD, and the assessment of symptom severity is a key element in the pharmacological management of COPD [2] . Exertional dyspnoea is one of the most distressing symptoms for patients with COPD [13] . Lung hyperinflation reduces inspiratory capacity, a measure that correlates with dyspnoea and exercise tolerance in patients with moderate-to-severe COPD [13] . In the GLOW3 study, NVA237 50 mg produced significant improvements in inspiratory capacity at isotime (defined as the last matching time point in submaximal exercise tolerance test at which for both periods the patient had a test result) at day 1, which was sustained through the study period of 3 weeks (both p,0.001) [14] . This was accompanied by an immediate and significant improvement in exercise endurance from day 1, which increased over the study period (both p,0.001). In the current GLOW2 study, the significantly greater improvement in inspiratory capacity seen with NVA237 versus placebo (comparable to improvement provided with tiotropium versus placebo) signifies a greater reduction in hyperinflation, which may contribute to a reduction in dyspnoea. Furthermore, NVA237 produced an improvement in dyspnoea on the TDI that was superior to placebo and comparable to tiotropium at weeks 12, 26 and 52. The reduced usage of rescue medication in patients receiving NVA237 compared with placebo also indicates better symptom management. This overall improvement was reflected in the SGRQ total scores which were significantly lower with NVA237 and comparable to tiotropium, versus placebo, at weeks 12 and 52.
COPD exacerbations reduce patients' health status [15, 16] , and increase the risk of hospitalisation and death [17, 18] , and treatment costs [19] . Furthermore, an association has been reported between frequency of exacerbations and increased rate of lung function decline [20, 21] . Hence, prevention of exacerbations and reduction of future risk should be a consideration in the management of COPD [2] . In the GLOW2 study, NVA237 reduced the risk of moderate-to-severe COPD exacerbations in patients with COPD by 34% versus placebo. The NNT to avoid one moderate-to-severe exacerbation in patients with COPD over 52 weeks with NVA237 versus placebo was 13.27; it was comparable to the NNT with tiotropium versus placebo (10.04). It is noteworthy that in the GLOW2 study, a majority of the patients (.63%) had moderate COPD, and only a minority (27%) had a baseline history of exacerbations. This makes the improvement seen in COPD exacerbations more significant, since it might indicate that the beneficial effects of NVA237 on exacerbations could apply across a broad COPD population, not just patients with severe COPD or a history of frequent exacerbations. It should be noted that the GLOW2 study was not powered to analyse the rate of exacerbations and the study population was not enriched by recruiting patients with frequent exacerbations. Also, the lower baseline exacerbation history in patients in the GLOW2 study compared with the ECLIPSE study, in which 39% of patients with moderate COPD and 52% of those with severe COPD had one or more exacerbations during the past year [22] , could potentially be due to different criteria used for defining exacerbations in the two studies; in the GLOW2 study pre-defined criteria needed to be met for an event to be classified as an exacerbation, while the ECLIPSE study had no such criteria.
The safety profile of NVA237 50 mg q.d. observed in the current study was consistent with the known safety profile of NVA237 and was comparable to the safety profile of tiotropium. Antimuscarinic side-effects, such as dry mouth, constipation, urinary retention and urinary tract infections, occurred with a low frequency in all treatment groups. Overall, NVA237 50 mg q.d. was generally well tolerated over a longer treatment period of 52 weeks.
Tiotropium, being the only once-daily LAMA currently available for COPD, was an appropriate control for the GLOW2 study since it provides a degree of validation for characterisation to a well-studied bronchodilator. However, technical difficulties make it difficult to blind tiotropium in clinical trials: tiotropium is a hygroscopic powder that cannot be removed from the commercial capsules (marked with a logo) for repackaging into unmarked capsules. A potential limitation of the GLOW2 study was the inability to blind tiotropium treatment, raising the possibility of bias in comparing the results for NVA237 with those of tiotropium.
In open-label study designs, there is a possibility that patients on unblinded active drugs may report more favourable outcomes because they expect a benefit; previous experience with the unblinded comparator may also affect their reporting of subjective efficacy end-points or adverse effects. In the 2   24  23  22  21  20  19  18  17  16  15  14  13  12  11  10  9  8  7  6  5  4  3  2 GLOW2 study, the open-label nature of the comparison with tiotropium could have mildly influenced the results of the patient-reported outcomes or rescue medication usage. However, the primary and the majority of the secondary efficacy objectives in the GLOW2 study were based on spirometric endpoints, with comparable results seen in the NVA237 and the tiotropium treatment groups, including serial spirometry in a subpopulation of patients, which demonstrated comparable efficacy profiles for NVA237 and tiotropium at week 12. Spirometry is considered to be an objective, standardised and reproducible measure of airflow limitation, and is not likely to be subject to bias. Furthermore, the results obtained in the GLOW2 study for tiotropium versus placebo in terms of improvements in lung-function, TDI and SGRQ scores were consistent with results from other randomised placebo-controlled trials using blinded tiotropium [23] [24] [25] [26] [27] [28] [29] [30] .
It may be pointed out that although the magnitude of improvement observed in trough FEV1 with tiotropium versus placebo was comparable to the improvement seen with tiotropium in recent randomised tiotropium trials [23] [24] [25] [26] , it was lower than the improvement observed in earlier such studies [27] [28] [29] . Some of the possible explanations could include differences in baseline demographics of patient population, shift in the baseline characteristics of patients entering trials due to benefits obtained from the variety of short-and long-acting bronchodilators currently available, as opposed to the limited options available previously, and selective recruitment due to the impact of concomitant medications permitted [31] .
The results for NVA237 50 mg q.d. versus placebo in the GLOW2 study were comparable to those for tiotropium, suggesting that NVA237 50 mg q.d. has the potential to be a useful alternative to tiotropium. E. KERWIN ET AL. COPD c
Conclusions
The results from the GLOW2 study demonstrated that over 52 weeks, once-daily NVA237 50 mg has a rapid onset of action and sustained 24-h efficacy, and is safe and well tolerated. Once-daily NVA237 provided comparable efficacy to tiotropium, the current gold standard for the treatment of COPD, and could be an alternative LAMA choice for patients with COPD.
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